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temperature,  as  well  as  sound  speed  profile  differences  in  the  adjoining  waters.  Examples  are  given  from  the  North 
and  South  Atlantic  Oceans,  North  and  South  Pacific  Oceans,  Greenland  and  Norwegian  Seas. 
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A  SURVEY  OF  THE  IMPACT  ON  ACOUSTIC  PROPAGATION 
OF  WARM  CORE  OCEAN  EDDYS 


INTRODUCTION 


This  technical  document  contains  material  of  the  presentation  022C-9  given  at  the  poster 
session  022C,  "A  Survey  of  the  Impact  on  Acoustic  Propagation  of  Warm  Core  Ocean  Eddys,"  at 
the  FaU  1992  meeting  of  the  American  Geophysical  Union  held  at  San  Francisco,  CA,  on  Tuesday, 
December  8, 1992. 
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VISUAL  1 

To  do  a  survey  on  the  acoustic  impact  of  warm  core  eddys  in  15  minutes  is,  indeed,  like 
trying  to  stuff  10  pounds  in  a  5  pound  bag.  But  I  believe  that  we  can  illustrate  the  important  points 
and,  because  most  of  this  work  is  ours,  provide  further  details  later  for  anyone  who  wants  them. 
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VISUAL  2 


Warm  core  eddys  appear  to  be  found  worldwide.  Shown  here  are  the  eddys  that  we  have 
analyzed  ranging  from  Australia  to  Greenland.  As  we  have  already  seen  m  this  session,  there  are 
other  locatioL,  such  as  the  Agulhas  Eddys.  Many  occur  in  important  shipping  lanes,  so,  in 
practical  terms,  warm  core  eddys  cannot  be  ignored. 
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VISUAL  3 

Here  we  have  a  sound  speed  cross-section  for  an  eastern  Australian  current  eddy  under 
winter  conditions.  From  the  lens-like  structure  you  can  see  why  eddys  demand  the  attention  of 
acousticians.  Warm  core  eddys  are  of  special  intCTest  to  us  because  they  are  generally  located  near 
the  surface;  this  eddy  has  a  large  surface  expression  and  therefore  will  significantly  impact  surface 
ship  sonars. 
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VISUAL  4 

All  eddy  data  are  not  quite  as  neat,  as  shown  by  temperature  cross  section  of  the  North 
Pacific  "Sitka"  eddy  here.  Many  eddys  during  summer  conditions  are  covered  by  a  warmer  water 
veneer  winch  vidll  alter  the  propagation  conditions.  One  practical  problem  is  that,  in  hindsight, 
many  environmental  measurement  sections  taken  are  not  along  an  exact  diameter  of  the  eddy. 

Still,  they  all  retain  a  lens-like  shape  which  can  alter  the  acoustic  field.  It  should  be  noted 
that  "warm  core"  is  a  relative  term,  and  to  some  extend  the  acoustics  depend  on  the  absolute 
temperatures. 
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ACOUSTIC  SIMILARITIES  OF 
WARM  CORE  EDDYS 


•  LENS  (CANONICAL)  SHAPE 

•  INCREASED  SOUND  SPEED 

•  SURFACE  (SEASONAL)  EXPRESSION  (EXCEPT  MEDDIES) 

•  ADJACENT  WATER  HAS  DEEP  SOUND  CHANNEL  (DSC) 
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VISUALS 

From  one  acoustician's  point  of  view  we  can  summarize  the  common  traits  we  have  found 
in  these  warm  core  eddys.  First,  they  all  are  acoustic  lenses.  Because  sound  speed  increases  with 
temperature,  they  are  regions  of  higher  sound  speed-  They  tend  to  be  located  near  the  surface  and 
have  a  surface  expression  at  least  part  of  the  year;  one  exception  are  the  deeper  Mediterranean  water 
eddys  (Meddies)  in  the  North  Atlantic.  Finally,  they  all  have  a  deep  sound  channel  in  the  water 
adjacent  to  them.  The  depth  of  the  sound  channel  axis,  relative  to  Ae  location  of  the  eddy,  is  very 
important  in  the  acoustic  propagation  in  and  out  of  an  eddy. 
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UNCLASSIFIED 


VISUAL  6 

Unfortunately,  the  term  mode  is  used  several  ways  in  underwater  sound.  Here  we  use  it  to 
specify  different  types  of  acoustic  propagation.  For  a  typical  deep  ocean  sound  speed  profile,  there 
are  three  main  modes  of  long  range  sound  propagation:  surface  duct  propagation:  sound  channel 
axis  (or  SOFAR)  propagation;  and  convergence  zone  (CZ)  propagation. 

As  you  can  see  each  could  be  impacted  by  a  warm  core  eddy  differently.  Surface  duct  and 
CZ  propagation,  of  greatest  interest  to  us,  have  the  greatest  potentid  for  change.  In  this  case, 
SOFAR  propagation  should  hardly  be  changed,  but  if  the  outside  sound  channel  axis  was 
shallower,  the  effect  would  be  greater,  so  we  must  always  consider  the  outside  profile  as  well  as 
the  changing  profiles  in  the  eddy. 
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IMPACT  OF  WARM  CORE  EDDYS  ON 
ACOUSTIC  PROPAGATION 


•  TERMINATION  OR  INITIATION  OF  AN  ACOUSTIC  DUCT 

•  SHIFT  IN  CONVERGENCE  ZONE  (C2)  RANGE  AND  LEVEL 

•  ACOUSTIC  TRAVEL  TIME  CHANGE  (POSITIVE) 

•  RANGE  DEPENDENT  DUCT  (TAPERED)  LEAKAGE 
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VISUAL? 

We  have  found  four  principal  effects  of  warm  core  eddys  on  sound  propagation: 
termination  or  initiation  of  acoustic  ducts;  a  shift  in  convergence  zone  range  and  level;  change  in 
acoustic  travel  times;  and  finally,  range  dependent  leakage  from  tapering  acoustic  ducts.  We  shall 
illustrate  each  of  these  conditions. 
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NO  EDDY  —  SOURCE  DEPTH  =  25  m 


UNCLASSIFIED 


VISUAL  8 

Perhaps  the  most  striking  effect  is  the  sudden  termination  of  a  duct  by  an  eddy,  as  shown 
in  this  ray  diagram  for  a  South  Atlantic  warm  core  eddy.  As  we  mentioned  before,  we  need  the 
right  source  and  receiver  depths  for  this  to  be  a  principal  propagation  mode,  but  in  this  case,  these 
are  depths  of  practical  importance,  both  source  and  receiver  are  at  25  meters  depth.  In  this  case  we 
are  propagating  from  the  center  of  the  eddy  outward.  Duct  transmission,  inherently  without  any 
bottom  loss,  is  an  efficient  and  desirable  propagation  mode  where  possible. 
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/SOUTH  ATLANTIC  WARM  CORE  EDDY  PROPAGATION 
FROM  EDDY  INTERiOR  TO  ITS  OUTER  EDGE 
SOURCE  DEPTH  =  25  m 


WEST  (EDDY  INTERIOR)  RANGE  (nmi)  EAST  (OUTER  EDGE) 


UNCLASSIFIED 


VISUAL  8  (OVERLAY) 
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UNCLASSIFIED 


VISUAL  9 

The  corresponding  propagation  loss  as  a  function  of  range  3  at  a  frequency  of  50  hertz  is 
shown  here.  Our  case  is  shown  by  the  small  dash  line.  The  termination  occm  at  a  range  of  20 
kilometers.  Without  the  eddy  (solid  line)  we  would  have  convergence  zone  type  propagation  and 
you  can  see  the  considerable  difference  between  the  two  cases.  Also  shown  is  the  propagation 
from  the  edge  of  the  eddy  into  the  center  (long  dashs).  It  is  also  CZ  type  propagation  and  we  will 
discuss  the  impact  of  eddys  on  convergence  zone  propagation  next. 
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UNCLASSIFIED 


NO  EDDY  —  SOURCE  DEPTH  =  25  m 


RANGE  (nmi) 
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VISUAL  10 

As  shown  previously,  convergence  zone  propagation  is  common  through  eddys.  For  this 
mode,  the  placement  of  the  source  horizontally  relative  to  the  center  of  the  eddy  is  more  important 
than  for  the  other  propagation  modes. 

First  we  show  the  convergence  zone  propagation  paths  for  a  25  meter  source  with  no  eddy 
present.  It  is  possible,  for  example,  that  if  the  spacing  were  right,  the  ray  paths  could  travel  down 
underneath  the  eddy  and  turn  upward  relatively  unperturbed. 

For  most  configurations,  however,  the  eddy  does  cause  a  significant  shift  in  the  range  of 
the  convergence  zone  compared  to  the  case  with  no  eddy.  We  show  this  by  now  overlaying  the 
ray  diagram  that  results  when  the  eddy  is  present  We  assume  our  source  is  at  the  edge  of  the 
eddy.  You  can  see  the  shift  in  the  ranges  of  the  convergence  zones,  the  first  from  22  NMI  to  26 
NMI,  etc.  You  can  also  see  that  the  character  has  been  changed  especially  in  the  second  CZ,  and 
that  the  venex  has  been  shifted  down  from  the  surface. 
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UNCLASSIFIED 


SOUTH  ATLANTIC  WARM  CORE  EDDY  PROPAGATION 
FROM  OUTER  EDGE  TO  EDDY  INTERIOR 
SOURCE  DEPTH  =  25  m 


UNCLASSIFIED 


VISUAL  10  (OVERLAY) 
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VISUAL  11 

Returning  now  to  the  previous  propagation  loss  comparison,  recall  that  the  no-eddy  case  is 
shown  by  the  solid  line.  We  now  compare  with  the  eddy  edge  to  center,  shown  by  the  long  dash 
line.  You  can  see  both  the  range  shift  in  the  first  CZ  and  energy  reduction  in  the  second  CZ 
(actually,  as  the  ray  diagram  showed,  the  energy  is  being  shifted  to  a  deeper  depth  by  the  warmer 
water  refraction  and  you  would  see  a  corresponding  increase  for  a  deeper  receiver). 
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APPUCATION  TO  TOMOGRAPHY 


At  «  230 »  10^  230 « 10* 
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UNCLASSIFIED 


VISUAL  12 

Another  impact  of  the  eddy  is  a  change  in  acoustic  travel  times.  As  sound  spe«l  in 
seawater  increases  with  teaqteratuie,  one  would  generally  expect  a  reduction  of  travel  times  in  a 
warm  core  eddy.  This  could  be  complicated  eitho*  way,  of  course,  by  changes  in  path  lengths  due 
to  changes  in  refraction  conditions.  But  here  we  have  a  rather  spectacukr  exaiiq)le  for  the 
"SmCA”  eddy.  If  the  outside  deep  sound  channel  (DSC)  axis  were  deeper,  the  change  would  not 
be  as  great  and,  unfortunately,  this  ¥  ^  been  the  case  in  most  of  the  tomography  experiments  to 
date. 
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VISUAL  13 

Due  to  the  conical  shape  of  the  eddy,  the  acoustic  ducts  crossing  them  tend  to  be  tapered. 
If  the  acoustic  wavelength  is  not  at  all  times  small  compared  to  the  thickness  of  the  duct,  acoustic 
weakness  will  occur.  Here  we  compare  two  frequencies  (50  and  3(X)  hertz)  propagating  from  the 
edge  into  the  center  for  the  "SITKA"  eddy  with  the  propagation  loss  without  the  eddy.  The 
difference  is  expressed  as  relative  gain.  You  can  see  that  the  300  hertz  is  always  trapped,  giving  a 
uniform  result  Fifty  hertz,  however,  with  a  corresponding  longer  wavelength,  is  apparently 
sensitive  to  the  duct  thickness  and  there  is  considerable  variation  in  the  gain  until  the  duct  becomes 
thick  enough  near  the  center. 
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VISUAL  14 

With  an  eddy,  several  tapered  ducts  may  occur  on  top  of  one  another.  Needless  to  say, 
acoustically,  this  can  become  very  complicated,  but  the  important  point  is  that  optimum  frequencies 
may  occur,  as  shown  here  for  the  "AN^S"  eddy. 
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ACOUSTIC  IMPACT  OF  WARM  CORE  EDDYS 

CONCLUSIONS 


•  EDDYS  PREVALENT  IN  SHIPPING  ROUTES,  CANNOT  BE  IGNORED 

•  WARM  CORE  EDDYS  MOST  IMPACT  SHALLOW  ACOUSTIC 
SENSORS 

•  ADJACENT  WATER  SOUNDSPEED  PROFILES  ARE  A  KEY  FACTOR 

•  CHANGE  IN  SENSOR  LOCATION  RELATIVE  TO  EDDY  CAN 
CHANGE  ACOUSTIC  IMPACT 
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VISUAL  15 
CONCLUSIONS 


We  can  summarize  as  follows: 

Acoustically  speaking,  eddys  can't  be  ignored,  and,  of  particular  interest  to  us,  are  warm 
core  eddys. 

The  impact  on  acoustic  propagation  is  determined  not  only  by  the  sound  speed  profiles  in 
the  eddy  but  also  by  their  relationship  to  the  profiles  in  the  adjacent  water. 
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